A morbidly obese 54-year-old woman presented to the emergency department after experiencing generalized abdominal pain for 3 days. She rated the pain as 5 on a scale of 10 and described it as dull, cramping, waxing and waning, not radiating, and not relieved with changes of position-in fact, not alleviated by anything she had tried. Her pain was associated with nausea and 1 episode of vomiting. She also experienced constipation before the onset of pain.
She denied recent trauma, recent travel, diarrhea, fevers, weakness, shortness of breath, chest pain, other muscle pains, or recent changes in diet. She also denied having this pain in the past. She said she had unintentionally lost some weight but was not certain how much. She denied tobacco, alcohol, or illicit drug use. She had no history of surgery.
Her medical history included hypertension, anemia, and uterine fi broids. Her current medications included losartan, hydrochlorothiazide, and albuterol. She had no family history of signifi cant disease.
■ INITIAL EVALUATION AND MANAGEMENT
On admission, her temperature was 97.8°F (36.6°C), heart rate 100 beats per minute, blood pressure 136/64 mm Hg, respiratory rate 18 breaths per minute, oxygen saturation 97% on room air, weight 130.6 kg, and body mass index 35 kg/m 2 . She was alert and oriented to person, place, and time. She was in mild discomfort but no distress. Her lungs were clear to auscultation, with no wheezing or crackles. Heart rate and rhythm were regular, with no extra heart sounds or murmurs. Bowel sounds were normal in all 4 quadrants, with tenderness to palpation of the epigastric area, but with no guarding or rebound tenderness.
Laboratory test results
Notable results of blood testing at presentation were as follows: 
Findings on imaging, electrocardiography
Chest radiography showed no acute cardiopulmonary abnormalities. Abdominal computed tomography without contrast showed no abnormalities within the pancreas and no evidence of infl ammation or obstruction. Electrocardiography showed sinus tachycardia. The increase in this patient's uncorrected calcium level from 9.6 to 18.4 mg/dL in 6 months indicates some form of increased calcium resorption or retention. Moreover, her hypercalcemia is very severe ( Table 1) . 1 Patients with severe hypercalcemia can present with lifethreatening arrhythmias and seizures, as well as volume depletion. 2 In total, her laboratory results were consistent with macrocytic anemia, severe hypercalcemia, and acute kidney injury, and she had generalized symptoms.
Primary hyperparathyroidism
A main cause of hypercalcemia is primary hyperparathyroidism, and this needs to be ruled out. Benign adenomas are the most common cause of primary hyperparathyroidism, and a risk factor for benign adenoma is exposure to therapeutic levels of radiation. 3 In hyperparathyroidism, there is an increased secretion of parathyroid hormone (PTH), which has multiple effects including increased reabsorption of calcium from the urine, increased excretion of phosphate, and increased expression of 1,25-hydroxyvitamin D hydroxylase to activate vitamin D. PTH also stimulates osteoclasts to increase their expression of receptor activator of nuclear factor kappa B ligand (RANKL), which has a downstream effect on osteoclast precursors to cause bone reabsorption. 3 Inherited primary hyperparathyroidism tends to present at a younger age, with multiple overactive parathyroid glands. 3 Given our patient's age, inherited primary hyparathyroidism is thus less likely.
Malignancy
The probability that malignancy is causing the hypercalcemia increases with calcium levels greater than 13 mg/dL. Epidemiologically, in hospitalized patients with hypercalcemia, the source tends to be malignancy. 4 Typically, patients who develop hypercalcemia from malignancy have a worse prognosis. 5 Solid tumors and leukemias can cause hypercalcemia. The mechanisms include humoral factors secreted by the malignancy, local osteolysis due to tumor invasion of bone, and excessive absorption of calcium due to excess vitamin D produced by malignancies. 5 The cancers that most frequently cause an increase in calcium resorption are lung cancer, renal cancer, breast cancer, and multiple myeloma. 1 Solid tumors with no bone metastasis and non-Hodgkin lymphoma that release PTH-related protein (PTHrP) cause humoral hypercalcemia in malignancy. The patient is typically in an advanced stage of disease. PTHrP increases serum calcium levels by decreasing the kidney's ability to excrete calcium and by increasing bone turnover. It has no effect on intestinal absorption because of its inability to stimulate activated vitamin D 3 . Thus, the increase in systemic calcium comes directly from breakdown of bone and inability to excrete the excess.
PTHrP has a unique role in breast cancer: it is released locally in areas where cancer cells have metastasized to bone, but it does not She had macrocytic anemia, severe hypercalcemia, and acute kidney injury, and generalized symptoms 
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cause a systemic effect. Bone resorption occurs in areas of metastasis and results from an increase in expression of RANKL and RANK in osteoclasts in response to the effects of PTHrP, leading to an increase in the production of osteoclastic cells. 1 Tamoxifen, an endocrine therapy often used in breast cancer, also causes a release of bonereabsorbing factors from tumor cells, which can partially contribute to hypercal cemia. 5 Myeloma cells secrete RANKL, which stimulates osteoclastic activity, and they also release interleukin 6 (IL-6) and activating macrophage infl ammatory protein alpha. Serum testing usually shows low or normal intact PTH, PTHrP, and 1,25-dihydroxyvitamin D. 1 Patients with multiple myeloma have a worse prognosis if they have a high red blood cell distribution width, a condition shown to correlate with malnutrition, leading to deficiencies in vitamin B 12 and to poor response to treatment. 6 Up to 14% of patients with multiple myeloma have vitamin B 12 defi ciency. 7 Our patient's recent weight loss and severe hypercalcemia raise suspicion of malignancy. Further, her obesity makes proper routine breast examination diffi cult and thus increases the chance of undiagnosed breast cancer. 8 Her decrease in renal function and her anemia complicated by hypercalcemia also raise suspicion of multiple myeloma.
Hypercalcemia due to drug therapy
Thiazide diuretics, lithium, teriparatide, and vitamin A in excessive amounts can raise the serum calcium concentration. 5 Our patient was taking a thiazide for hypertension, but her extremely high calcium level places druginduced hypercalcemia as the sole cause lower on the differential list.
Familial hypercalcemic hypocalciuria
Familial hypercalcemic hypocalciuria is a rare autosomal-dominant cause of hypercalcemia in which the ability of the body (and especially the kidneys) to sense levels of calcium is impaired, leading to a decrease in excretion of calcium in the urine. 3 Very high calcium levels are rare in hypercalcemic hypocalciuria. 3 In our patient with a corrected calcium concentration of nearly 19 mg/dL, familial hypercalcemic hypocalciuria is very unlikely to be the cause of the hypercalcemia.
■ WHAT ARE THE NEXT STEPS IN THE WORKUP?
As hypercalcemia has been confi rmed, the intact PTH level should be checked to determine whether the patient's condition is PTHmediated. If the PTH level is in the upper range of normal or is minimally elevated, primary hyperparathyroidism is likely. Elevated PTH confi rms primary hyperparathyroidism. A low-normal or low intact PTH confi rms a non-PTH-mediated process, and once this is confi rmed, PTHrP levels should be checked. An elevated PTHrP suggests humoral hypercalcemia of malignancy. Serum protein electrophoresis, urine protein electrophoresis, and a serum light chain assay should be performed to rule out multiple myeloma. Vitamin D toxicity is associated with high concentrations of 1,25-dihydroxyvitamin D and 25-hydroxyvitamin D metabolites. These levels should be checked in this patient.
Other disorders that cause hypercalcemia are vitamin A toxicity and hyperthyroidism, so vitamin A and thyroid-stimulating hormone levels should also be checked. 5 
■ CASE CONTINUED
After further questioning, the patient said that she had had lower back pain about 1 to 2 weeks before coming to the emergency room; her primary care doctor had said the pain was likely from muscle strain. The pain had almost resolved but was still present.
The results of further laboratory testing were as follows: 
Imaging reports
A nuclear bone scan showed increased bone uptake in the hip and both shoulders, consistent with arthritis, and increased activity in 2 of the lower left ribs, associated with rib fractures secondary to lytic lesions. A skeletal survey at a later date showed multiple wellcircumscribed "punched-out" lytic lesions in both forearms and both femurs.
2 What should be the next step in this patient's management?
Initial treatment of severe hypercalcemia includes the following: Start IV isotonic fl uids at a rate of 150 mL/h (if the patient is making urine) to maintain urine output at more than 100 mL/h. Closely monitor urine output.
Give calcitonin 4 IU/kg in combination with IV fl uids to reduce calcium levels within the fi rst 12 to 48 hours of treatment.
Give a bisphosphonate, eg, zoledronic acid 4 mg over 15 minutes, or pamidronate 60 to 90 mg over 2 hours. Zoledronic acid is preferred in malignancy-induced hypercal cemia because it is more potent. Doses should be adjusted in patients with renal failure.
Give denosumab if hypercalcemia is refractory to bisphosphonates, or when bisphosphonates cannot be used in renal failure. 9 Hemodialysis is performed in patients who have signifi cant neurologic symptoms irrespective of acute renal insuffi ciency.
Our patient was started on 0.9% sodium chloride at a rate of 150 mL/h for severe hypercalcemia. Zoledronic acid 4 mg IV was given once. These measures lowered her calcium level and lessened her acute kidney injury.
■ ADDITIONAL FINDINGS
Urine testing was positive for Bence Jones protein. Immune electrophoresis, performed because of suspicion of multiple myeloma, showed an elevated level of kappa light chains at 806.7 mg/dL (0.33-1.94) and normal lambda light chains at 0.62 mg/dL (0.57-2.63). The immunoglobulin G level was low at 496 mg/dL (610-1,660). In patients with severe hypercalcemia, these results point to a diagnosis of malignancy. Bone marrow aspiration study showed greater than 10% plasma cells, confi rming multiple myeloma.
■ MULTIPLE MYELOMA
The diagnosis of multiple myeloma is based in part on the presence of 10% or more of clonal bone marrow plasma cells 10 and of specifi c end-organ damage (anemia, hypercalcemia, renal insuffi ciency, or bone lesions). 9 Bone marrow clonality can be shown by the ratio of kappa to lambda light chains as detected with immunohistochemistry, immunofl uorescence, or fl ow cytometry. 11 The normal ratio is 0.26 to 1.65 for a patient with normal kidney function. In this patient, however, the ratio was 1,301.08 (806.67 kappa to 0.62 lambda), which was extremely out of range. The patient's bone marrow biopsy results revealed the presence of 15% clonal bone marrow plasma cells.
Multiple myeloma causes osteolytic lesions through increased activation of osteoclast activating factor that stimulates the growth of osteoclast precursors. At the same time, it inhibits osteoblast formation via multiple pathways, including the action of sclerostin. 11 Our patient had lytic lesions in 2 left lower ribs and in both forearms and femurs.
Hypercalcemia in multiple myeloma is attributed to 2 main factors: bone breakdown and macrophage overactivation. Multiple myeloma cells increase the release of macrophage infl ammatory protein 1-alpha and tumor necrosis factor, which are infl ammatory proteins that cause an increase in macrophages, which cause an increase in calcitriol. 11 As noted, our patient's calcium level at presentation was 18.4 mg/dL uncorrected and 18.96 mg/dL corrected.
Cast nephropathy can occur in the distal A bone scan showed lytic lesions; marrow biopsy showed 15% clonal plasma cells, confi rming multiple myeloma tubules from the increased free light chains circulating and combining with Tamm-Horsfall protein, which in turn causes obstruction and local infl ammation, 12 leading to a rise in creatinine levels and resulting in acute kidney injury, 12 as in our patient.
■ TREATMENT CONSIDERATIONS IN MULTIPLE MYELOMA
Our patient was referred to an oncologist for management.
In the management of multiple myeloma, the patient's quality of life needs to be considered. With the development of new agents to combat the damages of the osteolytic effects, there is hope for improving quality of life. 13, 14 New agents under study include anabolic agents such as antisclerostin and anti-Dickkopf-1, which promote osteoblastogenesis, leading to bone formation, with the possibility of repairing existing damage. 15 ■ TAKE-HOME POINTS • If hypercalcemia is mild to moderate, consider primary hyperparathyroidism. • Identify patients with severe symptoms of hypercalcemia such as volume depletion, acute kidney injury, arrhythmia, or seizures. • Confi rm severe cases of hypercalcemia and treat severe cases effectively. • Severe hypercalcemia may need further investigation into a potential underlying malignancy.
■
